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PREFACE 


The  work  covered  by  this  report  was  conducted  under  the  authority  of 
TaBk  8F71-04 -001-04  (now  Task  1D643303D550-04).  A  copy  of  the  task 
card  is  Included  as  Appendix  A. 

The  period  covered  is  27  April  1981  through  30  March  1962. 
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SUMMARY 

This  report  covers  structural  tests  conducted  at  the  U,  S,  Army  En¬ 
gineer  Research  and  Development  Laboratories  to  evaluate  rigid  foam 
plastics  shelters. 

Based  on  the  test  results,  it  is  concluded  that: 

a.  It  is  feasible  to  fabricate  structural  naembers  by  using  fiberglass- 
polyester  skins  over  either  polyurethane  core  or  paper  honeycomb  core. 

b.  Bonding  between  the  skins  and  the  core  material  is  of  utmost 
importance  in  stressed-skin  design. 


1 


RIGID  FOAM  PLASTICS  SHELTERS— STRUCTURAL  TESTS  OF 
REINFORCED  FIBERGLASS  PLASTICS  BEAMS.  HONEYCOMB 
FLOOR  PANELS.  AND  EXPERIMENTAL  GREENLAND  BUILDING 


I.  INTRODUCTION 

1.  Subject.  This  report  covers  stnictural  tests  conducted  at  the 
U.  S.  Army  Engineer  Research  and  Development  Laboratories  (USAERDL) 
to  evaluate  rigid  foam  plastics  shelters. 

2.  Background.  Military  prefabricated  buildings  are  normally 
produced  in  a  fabricating  plant  and  shipped  to  worldwide  locations  for  erec¬ 
tion  and  use.  The  logistic  problems  of  transporting  heavy  tonnage  and 
large  volume  of  bulky  building  panels  lent  emphasis  to  investigation  of  rigid 
foam  plastics  as  a  building  material.  The  foam  plastics  materials  offer  a 
solution  to  the  problems  by  providing  a  worldwide -use  building  that  is  con¬ 
siderably  lighter  in  weight  and  is  fabricated  of  material  expanded  approxi¬ 
mately  30  times  its  original  volume  on  the  site,  thus  reducing  shipping 
volume  manyfold.  The  state-of-the-art  in  foaming  plastics  has  shown  the 
concept  of  shipping  drums  of  liquid  resin  and  fabricating  plastics  buildings 

In  remote  areas  to  be  feasible. 

« 

Paper  honeycomb  is  being  investigated  in  conjunction  with  the 
rigid  foam  plastics  buildings  project  as  a  means  of  adding  reinforcement, 
where  needed,  to  the  foam  plastics  material.  When  used  as  stressed-skin 
panel  core  material,  paper  honeycomb  offers  approximately  the  same 
logistic  advantage  as  foam  plastics.  The  paper  honeycomb  is  procurable 
in  prefabricated  folded  slices  which  expand  20  to  30  times  the  shipping 
volume.  A  high-strength,  durable  building  panel  is  produced  when  fiber¬ 
glass  skins  are  bonded  to  the  surfaces  of  the  expanded  paper.  The  economy 
and  strength -weight  ratio  attributes  are  as  high  as  or  higher  than  those  of 
any  other  known  panel  core  material;  therefore,  paper  honeycomb  is  very 
desirable  for  field  fabrication. 


H.  INVESTIGATION 

3.  Reinforced  Fiberglass  Plastics  Beams.  Three  reinforced 
fiberglass  plastics  beams  were  fabricated  with  polyurethane  foam  plastics 
core  material  and  tested  as  Btringer  supports  for  foam  plastics  floor 


oeotions.  The  beams  were  designed  for  supporting  a  uniform  floor  load  of 
60  pounds  per  square  foot  when  spaced  on  3-foot  centers  with  a  span  of  ap¬ 
proximately  12  feet.  Beams  1  and  2  were  cast  in  a  16-foot-long  mold;  the 
core  for  Beam  3  was  cast  by  slip  mold  technique  and  was  7  feet  2-3/4 
inches  long.  A  short  mold  which  moved  vertically  on  a  fixed  rail  was  used 
for  the  slip  mold  technique  of  fabrication.  The  mold  was  approximately  2 
feel,  long  and  was  open  at  the  top  and  bottom.  Resin  components  poured  in 
the  top  of  the  mold  expanded,  set,  and  extruded  as  a  beam  from  the  bottom 
of  the  mold.  Four  rolls  of  paper,  fixed  at  the  top  of  the  mold  with  the  free 
end  of  the  paper  passing  through  the  mold  and  secured  at  the  rail  base  plat¬ 
form,  supplied  the  mold  lining  necessary  to  prevent  adherence  of  the  foam 
to  the  moving  mold.  Beam  1  was  fabricated  by  casting  the  polyurethane 
core,  removing  the  core  from  the  mold,  then  spraying  the  fiberglass  akin. 
Beam  2  (Fig,  1)  was  fabricated  by  spraying  the  fiberglass  skin  on  the  inner 
surfaces  of  the  mold,  then  assembling  the  mold  and  pouring  the  polyure¬ 
thane  core  to  complete  the  beam.  A  fiberglass  skin  was  also  sprayed  over 
the  core  of  Beum  3. 


Exhibits  2,  3,  and  4  of  Appendix  B  show  the  test  setup  and  loca¬ 
tion  of  strain  gages  for  each  beam.  Beam  2  supported  twice  as  much  load 
as  Beam  1  and  did  not  fail  until  a  total  load  equivalent  to  a  uniform  floor 
load  of  118.  37  pounds  per  square  foot  was  applied  (Fig.  2).  This  was  to  be 
expeoted,  however,  since  the  section  modulus  of  Beam  2  was  much  greater 
than  that  of  Beam  1  (Appendix  B,  Exhibit  1).  Exhibits  5,  6,  and  7  of  Ap¬ 
pendix  B  show  the  applied  loads,  resulting  moments,  and  corresponding 
measured  stresses  for  each  beam. 


H5219 

Fig.  2.  Test  setup  for  applying  uniform  load  to  reinforced  plastics 
beams  (Beam  2). 


Results  of  the  tests  for  the  three  beams  are  summarized  in 

Table  I. 

After  failure  of  the  beams  (Figs.  3  and  4),  four  composite  spec¬ 
imens  were  cut  from  each  beam  (Figs.  5  and  0)  and  subjected  to  additional 
laboratory  testing  to  determine  the  physical  properties  of  each  specimen. 
Results  of  these  tests  are  presented  in  Appendix  C. 
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Table  I.  Strain  Gage  Tests  of  Reinforced  Fiberglass  Plastios  Beams 


Property 

Beam  No. 

1 

2 

3 

Test  Span  (ft,  in.) 

14,  9-3/4 

14,  9-3/4 

6,  0 

Failure  Load  (kips) 

Floor  Load  (psf)'a' 

2.50 

56.26 

5.25 

118.  37 

4.00 

<b) 

Failure  Moment  (ft-kips) 

5.40 

10.50 

3.09 

Maximum  Measured  Stress  (kai)  ^ 

4.20 

-5.00<c) 

3. 18 

Maximum  Average  Stress  (ksi) 
Corresponding  Applied  Moment 
(ft-kips) 

3.67 

4.47 

-4.73<c) 

10.00 

2.94 

2.71 

Deflection  (in.) 

2.38 

3.  62 

1.  00 

Type  of  Failure 

Moment 

Moment 

Bearing 

Weight  of  Beam  (lb) 

72.5 

77.8 

30.0 

(a)  Three-foot  center-to -center  spacing, 

(b)  Reduced  span. 

(c)  Compressive  stress. 

(d)  ksi  -  kips  per  square  inch. 


4.  Honeycomb  Floor  Panels.  Several  different  floor  concepts 
were  considered,  and  honeycomb  floor  panels  were  selected  because  they 
offer  one  of  the  more  feasible  means  of  providing  a  floor  of  sufficient 
strength  for  the  16-foot-wide  building. 

The  floor  growth  (arching  effect)  in  the  Greenland  snow  tunnels, 
amounting  to  approximately  2  inches  per  year,  presented  a  problem  in  the 
design  of  the  floor.  Experience  has  revealed  that  the  best  method  of  deal¬ 
ing  with  the  annual  rise  in  the  tunnel  floor  is  to  provide  lateral  floor  panels 
with  a  simple  beam  span.  Supporting  stringers  run  longitudinally  with  the 


Fig.  4.  Close-up  of  test  failure  (Beam  1). 


H5X82 


7 


building,  near  the  outside  walls.  With  this  type  of  footing,  the  floor  can  ba 
supported  a  sufficient  distance  off  the  tunnel  floor  to  allow  for  sever'd  ye^ru 
•)  of  tunnel  floor  growth  before  it  becomes  necessary  to  raise  the  building. 

Also,  the  building  can  be  more  easily  raised  and  shimmed  in  increments, 

;  *  when  neoessary. 

• 

The  paper  honeycomb  core  material  was  procured  and  shipped 
*  to  the  field  in  the  unexpanded  form.  The  honeycomb  core  was  an  untreated 

'  paper  (99  pounds  per  ream)  with  3/4-inoh  oells.  The  field  expansion  ratio 

over  the  shipping  volume  was  over  20  to  1,  which  provided  a  logistic  advan¬ 
tage  similar  to  that  of  polyurethane  foam.  Fabrication  of  a  honeycomb  panel 
consisted  of  saturating  woven  fiberglass  cloth  with  epoxy  resin,  expanding 
the  honeycomb  core  material,  and  placing  the  saturated  fiberglass  sheets 
cn  the  core  material.  The  final  operation  consisted  of  plaolng  "sandwloh" 

']  psneJ.  in  a  vacuum  bag  and  allowing  the  panel  to  cure  under  vaouum  (5  to  10 

j  inches  of  mercury)  to  insure  a  good  bond  between  the  paper  honeycomb 

|  core  and  the  fiberglass  skins.  The  field  fabrication  setup  for  a  3-  by  1.6- 

foot  honeycomb  panel  was  made  by  two  men  in  approximately  1  hour. 

Toots  were  conducted  on  4-,  5-,  and  6-inch -thick  panels  to  de¬ 
termine  the  moot  suitable  panel  and  span  to  support  a  design  live  load  of  60 
!  pounds  per  square  foot  without  exceeding  a  deflection  ratio  of  1/240  of  the 

unsupported  span.  To  shorten  the  span,  it  was  determined  that  the  building 
.  .  :  oould  cantilever  approximately  1  foot  over  eaoh  outcide  stringer  without  any 

detrimental  effects,  since  the  buildings  would  not  bo  subjeoted  to  any  snow 
or  wind  load  forces  in  the  Greenland  snow  tunnels.  Thus,  the  clear  floor 
■  span  was  reduced  to  12  feet  by  using  two  1-foot-wide  stringer  supports, 

i  The  effective  section  modulus  of  each  size  panel  was  computed  as  shown  in 

j  Appendix  B,  Exhibit  8. 

v  -i  One  4 -inch -thick,  one  6 -inch -thick,  and  three  6-lnoh-thiok 

.  J  honeycomb  panels  were  strain  gaged  and  tested  to  failure.  Expanded  poly - 

-j  styrene  beads  were  added  to  one  of  the  6-inoh-thick  panels  in  an  effort  to 

’•  arrive  at  an  expedient  field  method  of  adding  insulation  and  Improving  the 

"Jj  thermal  conductivity  quality  of  the  panels.  Exhibits  9  through  13  of  Appen- 

*  dlx  B  show  the  test  setup  and  looatlon  of  strain  gager  for  eaoh  panel,  Ex- 

*  .?  hlbits  14  through  18  show  the  applied  loads,  resulting  moments,  and  corre¬ 

sponding  measurod  stresses.  Panel  4  was  tested  on  a  16-foot  simple  beam 
’  span  and  supported  a  greater  load  than  any  of  the  panels  tosted.  Failure 

•  ‘  did  not  ooour  until  a  total  load  equivalent  to  a  uniform  floor  load  of  122 

pounds  per  square  foot  was  applied  (Figs.  7  and  8).  Results  of  the  strain 
gage  tests  for  the  five  panels  are  summarized  In  Table  n. 


i 
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Table  n.  Strain  Gage  Teste  of  Honeycomb  Floor  Panels 


Panel  No. 


Property 

1 

(4-in.  1 

2 

(5-in.) 

3 

(6-in.) 

4 

(6-in. ) 

5 

(6-in.) 

Failure  Load,  DL  +  LL 
(kips) 

2.93 

2.93 

2.93 

5.87 

1.87 

Equivalent  Floor 

Load  (psf) 

69.50 

61.30 

97.70 

122.30 

39.00 

Failure  Moment  (ft -kips) 

5.  23 

4.  52 

3.76 

12.40 

3.96 

Live  Load  Stresses: 

Max  Measured  Stress 
(ksi) 

4.10 

-2,85 

-1.95 

8.09 

-1.32 

Max  Average  Stress 
(ksi) 

3.89 

-2.77 

-1.90 

7.01 

-1.24 

Corresponding  Live 

Load  Moment  (ft-klps) 

4.38 

3.00 

2.50 

10.50 

2.00 

Type  of  Failure 

Moment 

Moment 

Moment 

Shear 

Moment 

Weight  of  Panel  (lb) 

88 

85 

80 

126 

161 

NOTE:  DL  -  dead  load, 

LL  -  live  load. 

ksi  -  kips  per  square  inoh. 


Speolments  were  out  from  honeyoomb  Panel  3  and  analyzed  by 
the  U8AERDL  Materials  Branch  to  determine  physioal  properties  of  the 
woven  fiberglass  skin  material.  Results  of  these  tests  are  presented  in 
Appendix  D. 


5.  Experimental  Greenland  Building.  Structural  tests  were  per¬ 
formed  on  the  building  to  determine  the  wind  and  snow  load  capacity,  the 
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location  of  crltioal  stresses,  and  the  maximum  deflection  under  loaded  con¬ 
ditions.  To  simulate  the  most  severe  condition  of  loading,  the  building  was 
tested  without  benefit  of  end  walls.  Figures  9  and  10  show  the  test  setup 
for  application  of  simulated  wind  and  snow  loads,  respectively.  The  design 
wind  pressures  and  resulting  wind  loads  for  a  9 -foot  teBt  module  were  com¬ 
puted  and  are  shown  in  tabular  form  in  Exhibits  19  and  20  of  Appendix  B. 
Wind  load  foroes  were  computed  in  accordance  with  Metal  Building;  Manu¬ 
facturers  Association  Standards  which  are  equally  applicable  to  all  types  of 
construction. 

Simulated  wind  loads  were  applied  by  means  of  ratchet  chain 
hoists,  and  simulated  snow  loads  were  applied  by  means  of  sandbags  placed 
on  the  roof.  Electrioal  strain  gages  were  placed  as  shown  In  Exhibits  2i 
and  22  of  Appendix  B  to  determine  the  stresses  under  each  increment  of 
loading.  A  maximum  simulated  wind  load  equivalent  to  a  100-mile-per- 
hour  wind  was  being  applied  when  failure  occurred.  The  test  module  did 
not  collapse;  however,  the  skin  ruptured  to  the  extent  that  additional  load 
could  not  be  sustained,  Exhibit  23  of  Appendix  B  shows  the  tabulated 
stresses  and  defleotlons  produoed  by  the  simulated  wind  load  teBt.  A  new 
12 -foot  shelter  test  module  was  erected  for  the  snow  load  tests,  and  roof 
loads  were  applied  in  increments  until  a  maximum  short-term  roof  load  of 
50  pounds  per  square  foot  was  applied  without  failure  occurring.  Exhibit 

24  of  Appendix  B  shows  each  increment  of  loading  and  a  tabulation  of  the 
resulting  stresses.  After  the  strain  data  were  obtained,  the  test  module 
was  allowed  to  remain  under  20 -pound -per -square -foot  simulated  snow 
load  for  72  hours  and  under  20-  and  40 -pound -per -square -foot  loads  for  24 
hours  to  determine  the  amount  of  oreep  or  set  occurring  under  sustained 
load  conditions.  Appreciable  set  was  not  measured  until  the  40-pound-per- 
square  -foot  load  was  removed,  and  failure  did  not  occur  until  the  shelter 
retained  a  60-pound-per-square-foot  load  for  4  hours  (Fig.  11).  Exhibit 

25  of  Appendix  B  shows  the  deflection  and  set  resulting  from  the  sustained 
conditions  of  loading. 


ra.  discussion 

6,  Reinforced  Fiberglass  Plastics  Beams.  When  the  plastlos 
beams  were  designed,  the  foam  core  was  considered  as  being  noneffeotive 
in  contributing  to  the  load-carrying  capacity.  However,  a  comparative  an¬ 
alysis  of  measured  stresses  versus  theorotioal  stresses  revealed  that  the 
theoretical  stresses  were  considerably  higher,  This  discrepancy  could  be 


3224 

Fig.  9.  Test  setup  for  application  of  simulated  wind  forces  on  shelter 
test  module. 


H12356 

Fig,  10.  Tost  setup  for  application  of  simulated  snow  load  on  shelter 
test  module, 
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Fig.  11.  Failure  of  shelter  test  module  under  50 -pound -per -square - 
foot  sustained  simulated  snow  load. 


partially  due  to  variations  in  thickness  of  the  laminates  as  reported  in  Ap¬ 
pendix  C  (Materials  Branoh  Report  9289-1);  however,  it  is  more  likely  that 
the  foam  oore  section  is  slightly  effective  (from  6  to  10  percent)  in  produc¬ 
ing  a  composite  beam  effect  which  contributes  to  the  flexural  load -supporting 
oapaoity  of  the  beam.  Additional  testing  is  planned,  usin,j  homogeneous  pre¬ 
molded  fiberglass  sheets  as  panel  skins  to  shidy  the  composite  beam  theory 
with  a  foam  plastics  core  material, 

7,  Honeycomb  Floor  Panels.  Although  the  strength  of  the  6-lnoh- 
thiok,  16-foot-long  honeyoomb  panel  was  found  to  be  more  than  2i  times  the 
strength  required  to  support  the  50 -pound -per -square -foot  design  floor  load, 
the  deflection  of  the  panel  Is  so  great  that  it  cannot  be  considered  as  a  sim¬ 
ple  beam  floor  member  unless  each  end  of  the  panel  is  cantilevered  approx¬ 
imately  2  feet  over  the  floo:  -supporting  stringers.  ThiB  arrangement  per¬ 
mits  negative  moment  for  2.  35  feet  on  each  end  of  the  panel  and  reduces  the 
critical  positive  moment  deflection  producing  length  from  16  feet  to  31.  30 
feet.  At  60-pound-per-square-foot  floor  load,  the  total  deflection  in  6-inoh-- 
thick  Panel  4  was  Interpolated  to  bo  2,  59  inches  when  the  panel  was 


supported  on  a  16 -foot  span.  The  maximum  allowable  deflection  for  floors 
in  prefabricated  military  buildings  has  been  established  at  1/240  of  the 
span  (0.  80  inch)  for  a  16-foot-wide  building.  A  rerun  of  the  test  of  the  6- 
inch -thick,  16 -foot-long  panel  with  a  clear  span  of  12  feet  and  a  uniform 
load  of  60  pounds  per  square  foot  produced  a  maximum  deflection  of  0.  83 
inoh,  which  is  considered  acceptable. 

Test  of  6-inch-thick  Panel  6  revealed  that  a  loss  in  structural 
capaoity  occurred  when  the  honeyoomb  core  of  the  panel  was  partially  filled 
with  polystyrene  beads.  Intermingling  of  the  beads  tietween  the  epoxy  resin 
skin  and  the  paper  honeycomb  core  prevented  a  good  bond  of  the  fiberglass 
skins  to  the  core  material.  The  top  and  bottom  skins  were  bonded  in  one 
operation,  and  it  is  believed  that  the  problem  could  be  alleviated  by  bonding 
the  skins  in  two  operations.  Thus,  the  bottom  skin  would  be  bonded  to  the 
honeycomb  core  and  allowed  to  cure,  the  beads  would  be  added,  then  the 
top  skin  would  be  bonded  to  the  core.  Calculations  show  that  a  6  -Inch-thiok 
honeycomb  panel  with  2  inches  of  polystyrene  beads  and  a  2 -inoh -thick  poly¬ 
urethane  panel  with  fiberglass  skins  have  approximately  the  same  U  factor. 
One  of  the  most  serious  dePciencics  in  the  use  of  polystyrene  beads  on  the 
site  is  the  short  shelf  life  of  the  beads  in  the  unexpanded  state.  This  shelf 
life  under  optimum  conditions  has  been  determined  to  be  approximately  1 
year.  Other  types  of  insulation  material  that  have  a  longer  shelf  life  and 
can  be  expanded  on  the  site  are  being  investigated  in  an  effort  to  improve 
the  thermal  conductivity  of  honeycomb  material. 

The  paper  honeycomb  material  used  for  these  teats  and  for  the 
Camp  Century,  Greenland,  building  was  of  the  untreated  type  whioh  was 
suitable  for  the  Greenland  snow  tunnels  where  no  moisture  problems  exist. 
For  an  all  environmental  building,  however,  it  will  be  necessary  to  provide 
a  core  material  that  Is  resistant  to  moisture,  fungi,  bacteria,  rodents,  and 
so  ferth;  and  it  is  desirable  that  this  be  accomplished  without  the  field 
heat-curing  prooess  required  for  phenolic -impregnated  paper  honeycomb. 
Therefore,  investigations  are  being  carried  out  with  pretreated  paper  honey¬ 
comb  and  other  honeycomb  materials  that  can  be  expanded  on  the  site  and 
require  no  field  heat-cure  processing, 

8.  Experimental  Greenland  Building.  The  struotur&l  test  results 
show  that  the  most  critical  stresses  on  the  shelter  occur  at  the  ridge  under 
both  wind  (GageB  16  and  16)  and  snow  load  (Gages  13  and  14)  conditions; 
however,  the  highest  stresses  (3.  9  and  3.  8  kips  per  squaro  inoh)  were  re¬ 
corded  under  the  60 -pound -per -square -foot  simulated  snow  load  test.  The 


H11775 

Fig.  12.  Polyurethane  plastics  building  in  the  ice  tunnel  at  Camp 
Tuto,  Greenland. 


H10887 

Fig.  13.  Polyurethane  plastics  building  in  a  snow  tunnel  at  Camp 
Century,  Greenland. 
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H10889 

Fig.  14.  Interior  of  polyurethane  plastics  building  at  Camp  Century, 
Greenland, 


tests  show  that  the  thickness  of  the  panel  ribs  should  be  increased  approxi¬ 
mately  1  inch  in  the  ridge  area.  This  would  effect  a  more  satisfactory  dis¬ 
tribution  of  stress  and  produce  a  shelter  which  could  in  all  probability  be 
rated  for  40-pound-per-square-foot  snow  loads  or  80-mile-per-hour  winds 
with  gusts  up  to  120  miles  per  hour  (with  proper  tiedown  arrangements) 
when  erected  with  end  walls  such  as  the  two  buildings  used  for  troop  occu¬ 
pation  tests  in  Greenland  (Figs.  12  through  14). 


IV.  CONCLUSIONS 

9.  Conclusions.  Eased  on  tho  test  results,  it  is  concluded  that: 

a.  It  is  feasible  to  fabricate  structural  members  by  using 
fiberglass-polyester  skins  over  either  polyurethane  core  or  paper  Honey¬ 
comb  core. 


b.  Bonding  between  the  skins  and  the  core  material  is  of 
utmost  importance  in  stressed -skin  design. 
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a.  Requirements  exist  for  prefabricated  lightweight  foamed  plastic  rigid 
shelters  for  medical,  maintenance,1  and  special  climatic  operations;  for  missile 
support  shelters  for  storage,  standby,  and  radar  activities;  and  for  sled  mounted 
wanlgans.  The  concept  embraces  fabrication  of  such  I  terns  In  the  field  from  both 
foamed  plastic  sections  or  panels;  end  by  spraying  removable  air  Inflated  and/or 
removable  frrme  type  forms  with  the  plastic  foam  material  after  which  Che  forms 
can  be  removed  and  reused. 

b.  The  above  concept  Is  In  consonance  with  paragraph  1 61 Ov ,  CDOG,  which  requires 
a  reduction  In  the  drain  on  the  national  economy,  and  makes  mandatory  the  use  of 
prefabricated  and  knockdown  shelters  such  as  those  ortVIsloned.  Missile  support 
Items  are  covered  by  CDOG,  paragraph  834,  end  wanlgans  by  paragraph  I636d(8). 

23.  Brief  of  Project  and  Objective 
a.  Brief: 

(1)  Objective;  Development  of  lightweight  rigid  foam  plastic  resins  and 
portable  field  spraying  equipment,  Including  techniques  of  foaming  In  pleen  {or 
on  the  side)  shelters  and  buildings,  utilizing  panel,  module  end  mold  construction 
methods. 


(2)  Technical  Characteristics:  Ste  Exhibit  A. 
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TI  Approach:  , 

(1)  Engineer  Research  afifl  development  work  wit  I  be  performed  by  the  te'chnl- 
•eel  etiff  of  the  Corps  of  Engineers  with  eeslstence  from  research  end  engineering 
staffs  of  commercial  suppU#rs..es  needed. 

(2)  engineering  rase*,  rah  end  studies  will  be  undertaken  In  the  following 
areas  tfo  determine  the  most  suitable  ntaans  of  satisfying  the  overall  military 
requirements! 

(a)  Development  of  economical,  lightweight,  rigid  foam  plastic  resins, 
Including  reinforced  rigid  foam  plastics  which  can  be  foamed  and  stored  tin  all 
environments. 


(b)  Portable  field  spraying  equipment. 

(c) i  Techniques  of  foaming  shelters  and  buildings  In  all  anvl ronmentel 
conditions. 


(d)  Methods  of  Internally  reinforcing  rigid  plastic  foam  for  use  In 
shelters  and  buildings  where  high  snow  and  wind  loads  era  encountered, 

(a)  Development  of  structural  design  criteria  for  rigid  foarc  plastics 
Including  reinforced  rigid  foam  plastics, 


(3)  CiOTprahsnsIvs  engineering  tests  of  pilot  i»cdel  Shelter  twiilng  and 
spraying  equlpawnt,  Including  techniques,  will  be  conducted  to  determine  the 
general  suitability  end  to  determine  necessary  modifications  prior  to  submittal 
for  user  taets.  Orawlng  end  purchase  descriptions  shall  be  modified  to  refloat 
the  equipment  passing  the  taets. 

(4)  Service  test  equipment  shell  then  be  procured  end  furnished  to  the 
weapons  systems  or  application  for  which  the  equipment  wet  developed. 

(5)  After  ell  tests  and  necessary  revisions  of  the  etjulpment  have  been 
accomplished,  complete  drawings  and  epecl f I  cat  Ions  will  be  prepared  end  forwarded 
to  the  Chief  of  Engineers,  together  with  recommendation*  regarding  classification 
action  on  the  equipment  developed. 


c.  Tasks:  Mot  applicable 


d.  Other  Information: 

(1)  Scientific  Research;  None 

(2)  References:  Nona 


(3)  Dlecutsien: 

*  Agencies  Interested  In  this  project  In  addltloh  to  the  Corpe  of 
Engineers,  with  which  Kelson  will  be  maintained  and  which  will  be  furnished  cop- 
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EXHIBIT  “A" 

TECHNICAL  CHARACTERISTICS  FOR 
RIGID  FOAM  PLASTIC  SHELTERS 


1.  The  rigid  type  shelters  formed  in  the  field  by  une  of  low  density 
core  materials  shall  oonslst  of  all  weather  units  in  all  ranges  of  covered 
space  provisions,  inoluding  maintenance  of  vehicles,  missile,  and  other 
mechanical/ electrical  equipment,  command  posts,  air  stations,  fire  direc¬ 
tion  centers,  personnel  housing,  collective  protection  and  other  general 
purpose  requirements. 

2.  Means  shall  be  developed  for  fabrication  of  shelters  under  all 
environmental  conditions  as  specified  in  AR  705-15. 

3.  Shelters  shall  be  capable  of  being  constructed  for  all  climate 
operations  to  withstand  steady  winds  of  60  miles  per  hour  and  to  support 
snow  loads  of  20  pounds  per  square  foot.  Features  shall  be  incorporated 
(in  kit  form  if  applicable)  to  permit  the  shelters  to  he  used  in  areas  where 
snow  loads  reach  40  pounds  per  square  foot  and  wind  loads  correspond  to 
velocities  of  80  miles  per  hour  with  gusts  of  120  miles  per  hour. 

4.  The  shelters  shall  be  made  of  the  smallest  possible  number  of 
components  and  component  types,  and  be  capable  of  easy  handling  and  rapid 
erection  by  personnel  within  companies  and  battalions. 

5.  The  shelters  shall  be  compatible  with  chemical,  biological,  and 
radiological  protection. 

6.  The  shelters  shall  be  durable,  weatherproof  and  fire  retardant. 
They  shall  not  be  subject  to  appreciable  weather  deterioration,  or  attack  by 
Insects,  fungi,  bacteria,  or  rodents. 

7.  Wearing  surfaces,  both  exterior  and  interior,  shall  withstand 
normal  barracks  type  use. 

8.  The  completed  system  shall  permit  erection  of  variable  length 
shelters. 
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9.  Provisions  shall  be  made  in  the  design  of  the  shelters  for  the 
installation  of  standard  or  fabricated  on  the  site  doors  and  windows  located 
on  both  sides  and/or  ends. 

10.  The  shelter  equipment  shall  be  lightweight  and  portable  for  field 
service,  sufficiently  rugged  to  withstand  prolonged  cross-country  movement 
and  transportation  in  Phase  n  of  airborne  operations.  It  shall  be  designed 
with  maximum  simplicity  commensurate  with  Intended  performance  and  be 
capable  of  manufacture  in  quantity  by  modern  fabrication  methods. 
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APPENDIX  C 


The  Muter  lull  Branch 

U.  8,  Army  Engineer  Research  and  Development  Laboratories 

Corps  of  Engineers 
Fort  Belvolr,  Virginia 


ERL  SM  17  July  1061 

EV LUATION  OF  GLASS  REINFORCED  PLASTIC  SKIN  ON 
EXPERIMENTAL  PLASTIC  BEAMS 

Roport  No:  6280-1 

Requested  by:  Special  Equipment  Branch 

Authority:  0F7 1-04-001-04 

1.  The  purpose  of  this  investigation  was  to  determine  the  physical 
properties  of  the  glass  fiber  relnforoed  plastio  skins  on  some  experimental 
plastic  beams.  The  density  of  the  foam  core  was  to  be  determined  where 
this  shewed  a  variation  In  structure.  The  beams  were  designated  by  the 
oode  la  -  Id  and  2a  -  2d. 


2.  The  beams  were  mude  In  the  Model  Shop  by  spraying  Che  Inside 
of  a  mold  with  a  polyester  rosin  and  glass  fiber  mixture  and  then  pouring 
into  the  Interior  a  polyurethane  foam  mixture.  The  excess  foam  was  out  off 
aid  the  open  side  then  sprayed  with  the  resin  glass  fiber  mlxturo. 


3.  The  properties  of  the  skin  laminate  were  determined  in  accord- 
rjioe  with  the  following  methods  of  Federal  Specification  L-P-406b,  "Plas- 
ttou,  Organic:  General  Specifications,  Test  Methods": 

Method  No  Title  of  Method 


1011  Tensile  properties  of  plastics. 

1021  Compressive  properties  of  plastics. 

1031  Flexural  proportion  of  plastics. 

1041  Shear  properties  of  plastics. 

6011  Speoifio  gravity  by  displacement  of  water, 

7001  Resin  In  inorganio -filled  plastics. 


if,  :■? 


•  I 


!  .> 


The  specific  gravity  of  the  foam  was  determined  in  aooordnnoe  with  Method 
No,  5012,  epeolfio  gravity  from  weight  and  volume  methoda. 

4.  The  results  of  the  tests  are  shown  in  Table  HI,  They  indicate 
that  the  glass  content  was  extremely  low;  henoe,  low  phyt  ioal  properties 
could  be  expected.  This  was  found  to  be  the  oase.  Glass  content  ranged 
from  21. 90  -  27. 86  percent,  tensile  strength  from  7,010  -  9,  G90  psi,  oom- 
prossive  strength  from  10,000  -  15,900  psi,  flexural  strength  from  12,900  ■ 
19,900  psi,  end  shear  strength  from  6, 150  -  8, 570  psi.  "he  wide  variation 
was  probably  dua  to  large  variations  in  thicknesses  of  the  laminates  and  to 
uneven  distribution  of  the  glass  fibers.  It  has  been  found  possible  to  obtain 
laminates  by  the  prooess  used  with  as  high  as  50  peroent  glass.  It  would 
appeal1  that  the  ratio  of  the  resin  to  glass  must  be  changed  to  accomplish 
this.  Variation  of  the  foam  core  was  from  1. 4  to  28  peroent.  In  three  of 
tho  panels,  there  wae  no  difference  at  all.  In  a  previous  investigation,  It 
was  shown  that  the  dispensing  machine  was  at  fault  in  that  the  components 
were  Improperly  mixed. 

6,  It  Is  concluded  that  the  laminate  comprising  tho  skin  has  a  low 
glass  content  and,  heaoe,  has  low  physical  properties  usually  associated 
with  low  glass  content.  The  foams  In  tho  panels  varied  in  density  from  1. 4 
to  as  high  as  28  peroont. 

6.  It  Is  rcoommonded  that  an  attempt  be  made  to  upgrade  the 
strength  by  using  a  higher  ratio  of  glass  to  resin  than  was  used  in  making 
the  panels.  Modifications  to  the  existing  machine  for  dispensing  the  foam 
should  be  made  to  obtain  better  uniformity,  or  else  a  better  machine  should 
be  prooured. 


Submitted  by:  S.  GOLDFEEN 

Chief,  Plaetios  Section 

Forwarded  by:  A.  W.  VAN  HEUCKEROTH 
Chief,  Materials  Branch 
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APPENDIX' D 


The  Materials  Branch 

U.  S,  Array  Engineer  Research  and  Development  Laboratories 

Corps  of  Engineers 
Fort  Belvolr,  Virginia 

ERD  SM  01  A  .  i|(  1 

TEST  PLASTIC  PANEL  ON  HONEYCOJti 
Report  No*.  9G06-1 

Requested  by:  Special  Equipment  Branch 
Authority:  Project  No.  8F7 1-04-001-04 

1.  The  purpose  of  this  work  was  to  determine  the  .xJ  i#  i  m  cos- 
presslve  strength,  flexural  modulus  of  elasticity,  and  p * **  oo  .tent  o.  a 
glass  reinforcod  plastlo  sheet  skin.  The  sheet  wan  fafori  mstieom  glai  i 

-  fiber  Roveoloth  and  a  laminating  resin.  It  was  the  skin  of  a  sandwio*  at,  - 
etruotion  oemposed  of  a  cardboard  honeycomb  supplied  by  th»  Specie 
Equipment  Branch. 

2.  For  the  flexure,  teneilo,  and  glass  oontent  tests,  three  apt  .  - 
mens  each  wero  out  from  the  top  and  bottom  of  the  pl&sUo  panel.  ‘  Doc  to 
the  variation  in  thickness  of  the  panel,  each  specimen  was  sanded  to  appro* 
imately  a  uniform  thickness.  The  proportles  were  dete  mined  acoocdlng  t 
methods  listed  In  Federal  Specification  L-P-406b,  "Plastics,  Grganio: 
General  Specifications,  Test  Methods,"  dated  27  September  1961.  Due  a 
the  email  thickness,  It  was  Impossible  to  determine  it  compressive 
strength  by  ordinary  moons.  It  was  estimated  by  the  calculation  of  the 
penetration  index. 

To  at  Method 

Mothod  1011,  with  speoimens  cut  from  tt». 
spoc  If  lection  of  figure  1011A 

Flaxural  Modulus  Method  1031,  with  specimens  cut  from  the 

specification  of  figure  1031. 


Property 
Tensile  Strength 


CO 

Glaaa  Content  Method  7061,  with  specimens  out  from  the 

pieoas  used  for  ths  flexure  tecta. 

Compressive  Strength  Tho  specimen  was  a  piece  of  the  original 

laminate, 

Penetration  Index  Method  as  described  in  'U&AERDL  Technical 

Report  1833-TR,  "Development  of  Nondestruc¬ 
tive  Toot  for  Plaetios, " 

3.  The  results  of  the  tests  are  listed  in  Table  IV. ' 

4.  The  differ  enoes  hi  values  from  ths  arbitrary  top  emu  bottom  o? 
-«%•  honeycomb  are  probably  due  to  the  variation  in  thlcfenass  of  &t».  tezslxete, 
•4>eratJonal  procedure  a,  and  the  actual  physical  structure  of  tha  ’Aovfe&kUi 

0  i  oiln.  The  orifjtw,!  laminate  was  approximately  1/16  inch  in  thloknasg, 
%ad  4'<«i  i  aiding  to  a  uniform  thioknoas,  it  was  about  1/  2  inch  thlc  ?.t 
v*»  a  ks«m  na  the  portion  of  the  laminate  fcauddd  w&s  pur*  resin.  To  chock 
ti  j  y  of  the  compression  results  r*  estimated  from  the  penetration 
mj-dc.  U  •  tensile  strengths  wore  calculated  b;  use  of  the  penetration  index. 
®  §  values  oompared  favorably  with  tho  aokal  experimental  values,  so  it 
Cs  be  assumed  that  the  oosiprocnion  roaulta  are  fairly  aoourate.  The 
tfL  m  consent  roportod  was  that  of  the  tost  specimens  because  of  the  irregu- 
I m  iy  of  t a#  original  laminate, 

Upon  con  smiting  a  flborgluafl  manual,  it  wan  found  that  tenailo 
#  x  aujthB  of  thir.  type  of  laminate  with  tho  reported  glass  content  ware  ap~ 
p.u>i  mtely  24,00e  pal  and  compressive  strengths  were  22,.  000  pal. 

6 .  It  is  concluded  that; 

it.  The  laminate  in  of  low  quaJUty  and  strength  and  is  highly 
variable  in  phyoical  properties. 

b.  Tho  aandi-v*  operation  mokes  tho  panel  appear  to  b«  bettor 
dt.-aoturally  than  It  actually  la. 

Submitted  by:  FRANK  J.  8AURO 
Plastics  Seotion 

Forwarded  by:  A.  W.  VAN  HEITCKEROTH 
Chief,  Materials  Breach 
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Table  IV,  Test  Results  for  the  Panel  on  Honeyoomb 

Panel 

Test  Performed  Location  of  Average 

_ _ _ Lamtofto _ Value _ 3 


Deviation 


Compression  <psl) 

Top 

10, 100 

12,530 

ComproBSlon  (psi) 

Bottom 

11,200 

±2,700 

Flexural  Modulus  (pel) 

Top 

1. 29x10® 

±0.14x10® 

Flexural  Modulus  (pel) 

Bottom 

0. 94x10® 

±  0. 11x10® 

Tanaile  (pal) 

To;? 

4,030 

±620 

Tonall®  (psi) 

Bottom 

7,080 

±3,300 

Glass  Content  (percent) 

Tcp 

54.9 

±0.9 

Glass  Content  (percent) 

Bottom 

46.0 

±1.8 

Penetration  Index 

Top 

1. 86x10® 

±0.  35x10® 

P«i»e&iitlon  Index 

Bottom 

1.  50xl06 

±  0. 37x10® 

“*:4 clVii'Vj)-': 
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